Abstract Sown, temporary field margins are a common agri-environment scheme (AES) in the Netherlands. Despite their wide application, though, there has been scarcely any long-term monitoring of the succession of invertebrates. In the field margins of 40 farms, invertebrate diversity and the abundance of three functional groups were assessed in relation to age. The diversity in terms of number of species groups was found to increase with the age of the margins. The abundance of herbivores and detritivores also showed a positive correlation with the age of the margins. However, the abundance of predators decreased with increasing age. Older margins showed a higher total vegetation cover and fewer plant species, also resulting in lower plant species evenness. We suggest several changes to the current AES regulations. For the conservation of invertebrate diversity, longer-lasting field margins are desirable. In addition, old margins are favoured by detritivores, a group that has particular difficulty finding suitable habitats in agricultural landscapes. However, such margins are less favourable from an agricultural perspective, as they appear unsuitable for high abundances of potentially useful predators and the high vegetation cover attracts many potentially harmful herbivores. To circumvent this, the AES might be extended by incorporating hay-making, which would reduce standing biomass and might lead to more predators and fewer herbivores.
markedly improved by the presence of semi-natural landscape elements and by management of the productive fields themselves (Duelli and Obrist 2003; Gibson et al. 2007; Drapela et al. 2008 ). Incorporation of semi-natural habitats on arable land and adoption of agri-environmental management are therefore seen as useful ways to promote biodiversity (e.g., Whittingham 2007) . Such practises are often encouraged by mandatory schemes that are subsidised by national and regional governments: agri-environment schemes (AES). Common options in current schemes include creation and management of all kinds of semi-natural areas. Frequently established semi-natural areas on arable lands are field margin habitats (e.g., De Snoo 1999; Marshall and Moonen 2002) . These margins can be beneficial to biodiversity in several ways: they serve as refuge habitats for species unable to persist in intensively managed arable fields or in the declining acreage of natural habitat (Vickery et al. 2002; Marshall et al. 2006; Carvell et al. 2007; Smith et al. 2008a) , provide overwintering sites for a variety of small animals (e.g., Thomas et al. 1992; Dennis et al. 1994 ) and may act as ecological corridors (e.g., Kohler et al. 2008) .
It is not only from a conservation perspective that biodiversity in arable field margins is desirable. Because biodiversity is often positively correlated with the provision of ecosystem services (Chapin et al. 2000) , it might also be beneficial to farmers (Kremen and Chaplin-Kramer 2007) . Arable field margins with perennial vegetation can provide stable overwintering sites and alternative food sources for pollinators and natural enemies of pest organism (Tylianakis et al. 2004; Schmidt and Tscharntke 2005) . A permanently vegetated strip can reduce erosion of the field edges and the amount of pesticides and manure drift to adjacent ditches (De Snoo and De Wit 1998) . In addition, the presence of semi-natural habitats and wildlife makes the agricultural landscape more attractive, thereby possibly enhancing recreational use of the region and stimulating the local economy (Marshall and Moonen 2002) .
In the Netherlands the creation of sown field margins, known as 'fauna margins', is a common form of subsidised AES. It is assumed that these margins provide habitat for animals in the broad sense, i.e., for birds, small mammals and invertebrates. Due to the manner in which the scheme is regulated, they are commonly installed for a period of 6 years only. As AES may not always be effective in promoting biodiversity (Kleijn et al. 2001 Kohler et al. 2007; Blomqvist et al. 2009 ) and often cost a considerable amount of money, it is of great importance to assess the contribution of these margins to biodiversity. Invertebrates, being a species-rich and diverse group of small animals, seem to be especially fit to use as focus group for studying the biodiversity of small landscape elements like fauna margins.
The age of such margins might be expected to be a leading factor in invertebrate occurrence, with older margins having a greater chance of invertebrate colonisation (Corbet 1995) . However, only a limited number of papers have been published on the development of invertebrate communities in field margins after initial establishment (more papers have been published on plant succession, e.g., Kleijn et al. 1998; Critchley et al. 2006; Manhoudt et al. 2007; Musters et al. 2009 ). Most of them found in increase with age of the margins (Denys and Tscharntke 2002; Olson and Wäckers 2007; Frank and Reichhart 2004; Woodcock et al. 2008; Musters et al. 2009 ), although Woodcock et al. (2008) found predatory beetles to peak in the second year after establishment and to decrease in 2 year thereafter. However, none of these studies deal with a broad range of invertebrate groups and only Musters et al. (2009) and Denys and Tscharntke (2002) discuss patterns over a considerable period of time. To gain more insight into the development of invertebrate groups in field margins, and especially the patterns for distinct functional groups, we performed an inventory on their diversity and abundance in a large number of these margins in the province of Zeeland, the Netherlands. We formulated two research objectives: (1) How does the number of invertebrate taxa in these strips relate to the age of the margin? (2) How is the abundance of three functional feeding groupspredators, herbivores and detritivores-related to the age of the margin? From the literature cited above, we expected that the field margins would become more species rich with age and that invertebrates would become more abundant. The second question is of major importance, as two of these functional groups may have a direct impact on farming practice: predators that function as enemies of pest organisms and herbivores that might be damaging to crops. It is however possible that the two groups affect each other, resulting in unexpected changes in abundance (Corbet 1995) .
Methods

Field sites and AES regulations
All field margins were in the province of Zeeland, in the south-westernmost part of the Netherlands (3°10 0 -4°20 0 eastern longitude and 51°10 0 -52°00 0 northern latitude; Fig. 1 ). This province is made up by five areas of land in the marine clay district separated by strands of the Scheldt River estuary. By selecting farms only in this province, we aimed to minimise the influence of differences in soil or landscape context. For our study we selected 40 arable farms with sown field margins. On most farms two margins were chosen, resulting in 2006 in 64 and in 2007 in 69 margins that were inventoried. These margins were always on the edge of the arable land, often adjacent to a ditch.
All the selected farms had contracts under the AES 'fauna margin' scheme and all the farmers were participating in local agri-environmental farmer collectives. Under this particular scheme, farmers are under a contractual obligation to establish an arable field margin at least 6 m wide and 50 m long and maintain it for at least 6 years. However, some farmers had implemented this scheme on an already existing margin. Others did not Fig. 1 Locations of the 40 farms where field margins (sometimes one, but mostly two per farm) were studied in the province of Zeeland (black in the map of the Netherlands) Biodivers Conserv (2010) 19:3255-3268 3257 change their management of the margin after 6 years. All of these margins were not fertilized and not treated with pesticides for a long time. This provided us with a broader range in margin ages; from first-season margins (referred to in this paper as 'age 1') to margins in their eleventh season (see Table 2 for the number of samples per age class). The margins were sown either with a flower mixture (98 margins, comprising indigenous species, exotics and cultivars, e.g., Cichorium intybus, Chrysanthemum segetum, Centaurea cyanus, Helianthus annuus, Leucanthemeum vulgare, Malva spp., Papaver spp., Phacelia tanacetifolia, Silene spp., Trifolium spp., Sinapis alba and Tripleurospermum maritimum), or with a grass mixture (35 margins, consisting predominantly of Festuca arundinacea, Poa pratensis, Dactylis glomerata and Phleum pratense). One mowing event per year is regularly done, but the removal of cuttings is not required and consequentially almost never done. The application of manure or pesticides on the margin is prohibited, but targeted local removal of Rumex obtusifolius and Cirsium arvense with herbicides is allowed.
Invertebrate sampling and counting
To collect ground-dwelling invertebrates we used pitfall traps. In the middle of each margin and at least 10 m from field corners or disturbances such as tyre tracks, four pitfall traps were installed spaced 10 m apart. These traps had a diameter of 11 cm, were 7 cm deep and were partly filled with a 1:1 mixture of water and ethylene glycol. A plastic cover was placed above each trap to keep out rainwater. In both years, all the traps were operational for exactly 7 days at the end of June and the beginning of July (weeks 26-27), just before the mowing takes place (Noordijk et al. 2010) . From the pitfall trap samples, the individuals of following invertebrates groups were counted: Gastropoda, Opiliones, Araneae, Acarina, Lepidoptera larvae, Chilopoda, Diplopoda, Isopoda, Collembola, Staphylinidae, Coccinellidae including their larvae, Carabidae, Curculionidae, other Coleoptera, Coleoptera larvae, Cicadellidae, Heteroptera, Aphidoidea, Diptera, Formicidae, other Hymenoptera and Orthoptera. The catches from the four pitfall traps from each fauna margin were bulked and treated as a single sample. The number of groups were used as a measure for species richness. The number of individuals of Chilopoda, Araneae, Coccinellidae including larvae, carnivores Carabidae, and Staphylinidae were taken as a measure for the abundance of predators, the number of individuals of Isopoda, Diplopoda, and Collembola for the abundance of detritivores, and the number of individuals of Gastropoda, Curculionidae, Orthoptera, Cicadellidae, Heteroptera, and Aphidoidea for the abundance of herbivores.
Field margin variables
Apart from the age of the individual margins, several characteristics that might influence invertebrate community composition were measured: margin width, the seed mixture applied (grass or flower mixture) and soil nitrogen content. The last of these was characterised by determining the total nitrogen concentration of a bulked representative soil sample taken from a depth of 10 cm at five sites close to the individual pitfall traps. In addition, we measured several vegetation characteristics at the sites where invertebrate sampling was carried out. Vegetation height was measured in the winter (February) preceding invertebrate sampling and in summer at the time of sampling. This measurement was performed at five points 10 m apart by lowering a 30 cm diameter, 200 g vinyl drop disc from 2 m over a wooden rule. This method is well suited for medium to tall swards (Stewart et al. 2001 ). The vegetation cover was estimated in winter as well as summer. In summer, the botanical composition of the vegetation on the margin was measured in 1 by 25 m recordings. Three of the four pitfalls were along the middle axes of these recordings. Species occurrence was noted and abundance estimated using an adapted Braun-Blanquet method (Barkman et al. 1964 ). The total number of plant species, their evenness (obtained by dividing the Shannon index, based on estimated abundances, by the natural logarithm of the total number of species) and the number of non-sown species were incorporated in the analyses.
Analysis
The two research questions required a different approach and use of invertebrate catches. For research question 1, the total number of the aforementioned taxa were noted from the pitfall trap catches and used to analyse the richness in the fauna margins at the level of species groups. For research question 2, after summing the individuals of several taxa to analyse activity-density trends (from now on called abundance) for three functional groups: 'predators', 'herbivores' and 'detritivores'.
Initially, stepwise multiple regressions were performed to identify the variables significantly affecting richness and functional group abundances.
Secondly, we used Hierarchical Generalised Linear Models (HGLM), a generalized mixed model procedure of GenStat 12.0, to calculate the relationship between age of the field margin and richness and functional group abundances, given the fact that we chose certain farms and years for sampling (Royle and Dorazio 2008) . In our models, age of the margin and the significant variables of the first analyses were the fixed factors. Because we sampled usually two field margins per farm over 2 years, farm and year of sampling were included as random factors. All abundance measures were logarithmically transformed to get a normal distribution. However, since we did not know whether the relationship between the response variables and age was linear, we used the same models, but now with age as an ordinal factor, to estimate the means of the response variables per age category. After the transformation of the abundances, we could use the identity link function both for the fixed and the random part of the model in all cases. In case of the abundance of the detritivores, we had to regard the first and second year as one category in order to get our model converge, probably due to low detritivores abundance in the first year. In all models a constant term was estimated. The Wald test for testing the change in likelihood between the full model and the reduced model when taking out a variable was used for testing the significance of the fixed variables.
Furthermore, the correlations between the age and several site-specific variables of the margins were analysed using linear regressions and Spearman's rank correlation tests.
Results
Taxonomic richness
The age of the field margin was found to significantly affect the number of taxa in the field margins. The number of taxa differed significantly between years of age (Table 1A ) and a clear positive relationship was found between age of the field margin and number of taxa (Table 1B; Fig. 2 ).
Abundance of functional groups
In total, 34,038 predator, 11,305 herbivore and 10,720 detritivore individuals were caught with the pitfall traps. Predator abundance was significantly affected by the age category of the field margin (Table 1A) ; the abundance of predators decreased with increasing age of the margin (Table 1B; Fig. 3 ). Herbivore abundance was significantly related to vegetation cover in summer, margin width and age category (Table 1A) . A positive relationship with the age of the margin was found (Table 1B; Fig. 3 ). Detritivore abundance was not (Table 1B) Biodivers Conserv (2010) 19:3255-3268 3261 affected by age category (Table 1A) , but a clear positive correlation between age of the margin and detritivore abundance was found (Table 1B ; Fig. 3 ).
Field margin variables
Several site-specific variables showed significant relationships with the age of field margins (Table 2) : we found a decrease in the number of plant species (t = -5.585, P \ 0.001) and in their evenness (t = -2.651, P \ 0.001), the latter indicating that the vegetation is moving towards dominance by certain species. The vegetation cover in summer increased (R = 0.521, P \ 0.001). No trends could be detected for nutrient richness, vegetation height in summer and winter, and vegetation cover in winter.
Discussion
Invertebrate richness and abundances
Our results show that the richness of species groups increased with increasing age of the field margins and that this trend was consistent during the first 11 years. This represents an important finding, indicating the conservation value of long-lasting semi-natural elements in agricultural areas. To our knowledge, this is the first time that such a pattern has been described for field margins for a broad range of invertebrates and over a considerable period of time. It is not surprising that there is a slow but steady increase in richness, because the small margins have to be colonised by small invertebrates moving through a hostile environment (Steffan-Dewenter and Tscharntke 1999; Ö ckinger and Smith 2007; Kohler et al. 2008) , and similar patterns of increasing diversity have been described for other habitats (Mook 1971; Judd and Mason 1995; Desender et al. 2006; Cameron and Bayne 2009) . Increasing functional diversity in species communities will lead to a greater variety of ecosystem processes (Naeem et al. 1994; Tilman et al. 1996; Heemsbergen et al. 2004 ) and with time, therefore, margins left on their own may develop towards more natural ecosystems. Predators form an important aspect of our study, as some of these invertebrates are beneficial to farmers because of their potential as pest control (Carter and Rypstra 1995; Obrycki and Kring 1998; Collins et al. 2002) . Predator abundance decreased with progressing age of the margins (in contrast to Denys and Tscharntke 2002 , but in line with Woodcock et al. 2008) , due probably to the vegetation developing from a recently sown, open situation to higher standing biomass and a denser sward, although in our analyses this development was only expressed by a significant effect of age (Noordijk et al. 2010 ). Ground-dwelling predatory invertebrates often depend on open, sun-lit places where they can easily move to find prey (Harvey et al. 2008) . Those species potentially invading the arable fields have a particular preference for the open vegetation in the margins, as this is quite similar to conditions in the fields themselves (Samu and Szinetar 2002). Consequently, young margins appear to provide the best conditions for providing pest-control services. On the other hand, it has been shown that high vegetation cover in winter provides most opportunities for predators to hide during this period (e.g., Dennis et al. 1994; Collins et al. 2003) .
We found herbivore abundance to be favoured by the width of the margin, but most significantly by the age of field margin and vegetation cover in summer (see also Meek et al. 2002; Harvey et al. 2008 ). This latter relationship can be explained by more plant Table 2 Significant relations between field margin age and site-specific variables; in a few cases, data for certain margins were lacking (number of replicates is given below each average) Variable (unit); transformation, test 
(2)
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Biodivers Conserv (2010) 19:3255-3268 3263 biomass being available to provide food for more individuals (e.g., McFarlin et al. 2008) and more shelter against predators, which appear to be less abundant in these situations anyway (this study; Harvey et al. 2008) . More than half the herbivores counted were Gastropoda, but Cicadellidae and Aphidoidea were also caught in high numbers. All these groups include polyphagous species, which may be damaging to crops and thus result in economic loss to farmers (Glen and Moens 2002; Nickel 2003; Van Emden and Harrington 2007) . The abundance of detritivores increased with the age of the margins. This is not surprising, given the build-up of a substantial surface litter layer (especially because no cuttings were removed from the margins after mowing, Noordijk et al. 2010 ), on which these animals depend for food (Smith et al. 2008a) . A well-developed detritivore assemblage is essential for decomposition and enhancement of soil structure (Ekschmitt and Griffiths 1998) , thus promoting healthier soils. In addition, this invertebrate group in particular represents species unable to persist in arable fields, as a litter layer is generally absent there (Smith et al. 2008b) . Old field margins with high standing biomass will therefore represent true refuge habitats for these invertebrates.
One should bear in mind that vegetation structure and/or density at ground level might affect the activity-density of invertebrates and therefore pitfall trap catches (Greenslade 1964; Thomas et al. 2006) , implying certain limitations on interpretation of our results. Moreover, different species groups may have very different activity patterns that could be affected differently by vegetation, for example, Gastropods versus Carabids. And our pitfalls were only open during 1 week each year, making the catches potentially vulnerable to uncommon weather conditions. However, we think that this will have hardly any effect on our richness analyses, as these are based only on the presence of a particular group, and not on its abundance. If it did have any effect, the already significant trend would likely be stronger, since there may especially be undersampling in the older margins with denser vegetation. For predator abundances, though, caution may be in order. On the other hand, the increasing abundance of herbivores with increasing vegetation cover might have been underestimated, so our recommendations concerning management of these margins for agricultural benefits (see below) therefore remain sound and grounded in empirical findings.
Pitfalls do not catch all invertebrates (Thomas and Marshall 1999) . Flying insects, for example, are missed and of these many are also predators or parasitoids that may be beneficial to farmers. Therefore, our results cannot be generalised to all predators, herbivores or detritivores that occur in field margins.
Management recommendations
We recommend creating field margins for 'as long as possible' at the same location, as this will increase the number of taxonomic groups present in these structures, thereby promoting a variety of functions, leading to healthy ecological systems (Brussaard et al. 2007 ). In contrast, most agri-environmental schemes last only for a limited number of years ), a situation that needs to be changed if better conservation results are to be achieved. However, old margins where no plant biomass is removed provide habitat for many herbivores and may also lead to less suitable situations for predators. To benefit farmers, then, these margins need to be managed differently. Since scarification, in particular, can be detrimental to many soil and ground-dwelling organisms (Smith et al. 2008b) , re-establishing margins will not be the best option. An alternative is to introduce a hay-making management regime, with the vegetation being cut once a year, for example (Hovd and Skogen 2005; De Cauwer et al. 2005; Manhoudt et al. 2007) . Margins can then still be established to last for a long time, but with plant biomass now being removed and vegetation succession set-back, thus providing less suitable conditions for high herbivore abundances while probably promoting predators. In addition, margins managed for haymaking will have fewer noxious weeds (De Cauwer et al. 2008 ), but greater plant diversity (Schaffers 2002; Musters et al. 2009; Blomqvist et al. 2009 ), which might in turn permit higher invertebrate diversity (Thomas and Marshall 1999; Asteraki et al. 2004 ) and more flower-visiting insects (Noordijk et al. 2009 ). The actual effect of hay-making on invertebrate species richness in arable field margins needs further study. As the possibilities for overwintering invertebrates increases with vegetation cover in winter, in the case of a haymaking management regime we recommend mowing the margins not too late in autumn (and preferably in late summer), permitting a certain amount of subsequent re-growth and thus providing sufficient overwintering opportunities.
